ABSTRACT: The building envelope should be designed to provide a comfortable indoor environment irrespective of changes in the weather. Therefore, to provide a functional and durable building envelope, the dynamic character of the driving forces must be recognized by the envelope designer. The dynamic performance of the building envelope can be evaluated in laboratories in which the design details and most of the dynamic properties of the driving forces are simulated. This paper discusses the dynamic processes and the need for dynamic evaluation of structural performance under wind loading and of rain penetration performance under wind driven rain conditions. Three research facilities are examined for their approach to dynamic evaluation of structural performance and rain penetration performance. Additional information on dynamic evaluation of the building envelope was gathered from standards and the literature. Based on this information, procedures for dynamic evaluation under wind loading and wind driven rain conditions are proposed.
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creates suction (negative) fluctuations on the leeward and side walls. This is mainly because when wind flows around the building, it creates different types of flow patterns on different sides of the building. In this case, wind blows perpendicular to the building and forms stagnation on the windward side. It starts separating from the windward wall edges and thus the side faces of the building are in the separated region. Recirculations [3] , only a few international facilities are documented for the dynamic simulation of wind and wind driven rain conditions. Three of them were examined for test procedures for rain penetration control (Section 3.1), structural performance (Section 3.2) and the combination of both (Section 3.3). 
PROPOSED EVALUATION PROCEDURES
This section systematically examines the requirements for laboratory simulation of the two driving forces, wind and wind-driven rain conditions. Another equally important factor, which is beyond on the scope of the paper, is the selection of test specimen details. For an example to represent the integrated performance of a wall assembly on buildings, it is necessary to select the test specimen with similar joint configurations. Similarly, parapet wall junctions detail needs to be considered in selecting a roof test specimen.
Wind Simulation
Wind is random in nature; attention must be paid to simulate both the required amplitudes (pressure level) and the pressure variations with respect to time (frequency). Figure 6 (a) shows a typical wind pressure fluctuation and its simplified representations used in the facilities described above. One of the best methods among the simplications is cyclic loading with sinusoidal formulation. This is because a dynamic wave form, such as wind-induced pressure fluctuations, can be reconstructed using sine waves of different frequencies and amplitudes.
Evaluating the envelope assembly for high pressure alone does not iden- tify how quickly or slowly pressure varies with time on the assembly. Indeed, to describe the process in time, wind spectral density functions are necessary. Figure 6( Britain [14] , Canada [15] and Denmark [16] have attempted to quantify the rain fall intensity through a driving rain index. The driving rain index [16] has two main uses: as an indication to designers and architects of the severity of the exposure of the site of the proposed building, and as an indication of the condition to which the wall specimen should be evaluated in a driving rain test facility. The driving rain index can be correlated to the driving rain rate on a vertical surface. Lacy [16] proposed a relationship of: 1 mm of driving rain on a vertical wall = 206 X driving rain index Recently, Henriques [17] proposed a relationship of: 100 1/m2 of driving rain on a vertical wall = 1 driving rain index For Canada, Welsh et al. [18] recommended three zones for rain intensity as follows: sheltered region with maximum driving rain index of 3; Table 2 . Current standard specification for water penetration testing. moderate region with maximum driving rain index of 7; and severe region with maximum driving rain index of 13. By applying the relationship proposed by Lacy [16] and assuming a 4 hour testing period, the required water spray rate to represent the sheltered, moderate and severe regions are 2.5, 6 and 11 1/min/m2, respectively. This clearly reveals that using a constant spray rate of 3.41/min/m2, as recommended in [12] , is not appropriate in representing all local dynamic wind-driven rain conditions.
On the basis of the above discussion, the following three-step procedure is proposed for dynamic evaluation of performance under wind driven rain conditions:
Step 1. Select the test pressure from standards such as [13] for the driving rain wind pressure.
Step 2. Calculate the required water spray rate from the driving rain index.
Step 3. Simulate a condition with the above test pressure and water spray rate and repeat the evaluation for various frequencies.
SUMMARY
This paper presented the continuing need to evaluate the dynamic performance of envelope systems for wind and wind-driven rain conditions. After studying the literature, reviewing the research facilities and examining the existing standards, the paper also proposed procedures for the dynamic evaluation of the envelope systems under wind and wind-driven conditions.
